The effect of vagotomy and gastric resection on insulin secretion was examined by the glucagon stimulated C-peptide test in gastrectomy patients (n=11) without truncal vagotomy and in total gastrectomy patients (n=a10) with truncal vagotomy. The test was performed twice in each patient: 10 minutes after the midline incision was made and then 60 to 90 minutes later when gastric resection or total gastrectomy was completed, during the reconstructive phase of the operation. Gastric resection without truncal vagotomy was followed by a higher increase (48%) in serum Cpeptide concentration caused by glucagon stimulation than total gastrectomy with truncal vagotomy (13%). There was a significant (p<O.O5) increase in the glucagon stimulated glucose-related C-peptide concentration in patients without truncal vagotomy, whereas truncal vagotomy inhibited this increase. These results suggest that truncal vagotomy will produce a reduction in stimulated insulin secretion in humans.
Total gastrectomy is frequently followed by complaints which are thought to be caused, at least in part, by abnormal glucose absorption and metabolism. 1 2 Vagotomy may also affect glucose metabolism as a less rapid rise and a lower peak concentration of blood glucose have been found before vagotomy than after vagotomy in patients without gastric resection.3 This has been explained firstly by an increase in intestinal glucose absorption occurring after an adaptation period of five to six weeks,4 and secondly by a decreased response of insulin to glucose load, especially to oral glucose.3 Malabsorption of glucose' and altered response of indirect mediators such as intestinal hormones have also been offered as explanations.3 There are also findings that suggest a direct effect of the vagus nerve on the endocrine pancreas3; similar peripheral venous plasma insulin concentrations have been found after intravenous glucose infusions in patients with truncal, selective, and highly selective vagotomy, but blood glucose concentrations were significantly higher in patients with truncal vagotomy. 3 Because of the rapid metabolism of insulin in the liver the peripheralinsulin concentration may not fully explain the response of pancreatic insulin secretion to glucose. To study this, the glucagon stimulated C-peptide test was used to compare pancreatic insulin secretion capacity before and after truncal vagotomy.
Patients and methods Because truncal vagotomies alone are not performed in our hospital due to postoperative complications,6 patients with a total gastrectomy plus truncal vagotomy were chosen for study (10 patients) . The control group consisted of patients with resection of the stomach without truncal vagotoffly (11 patients) (Table) In both tests the first blood sample was taken from a peripheral vein in the arm opposite to the one used for intravenous infusion, to determine the base concentrations of blood glucose and serum C-peptide,7 and 1 mg glucagon was given intravenously immediately. Six minutes later the second blood sample was taken to determine concentrations of glucose and C-peptide after stimulation, the latter reflecting the beta cell function.8 9 
Results
There was an increase in both serum C-peptide and blood glucose concentration after glucagon stimulation before and after gastric resection with or without vagotomy (Fig 1A and B ). There were no significant differences between the two study groups. In the gastrectomy with vagotomy group, however, glucagon stimulation caused only a 13% higher increase in serum C-peptide concentration in test B than in test A, while the increase was 48% in the non-vagotomy group.
There was a significant (p<005) increase in the glucagon stimulated glucose-related C-pepDetails ofpatients in both study groups tide concentration in patients without truncal vagotomy, whereas truncal vagotomy inhibited this increase (Fig 2) . 15 In the earlier work on the effect of vagotomy on glucose metabolism plasma insulin concentrations have served as the indicator for pancreatic insulin secretion. The plasma insulin concentration in peripheral veins is not an optimal parameter in this respect, however, because after secretion from the pancreas into the portal blood insulin is rapidly degraded in the liver before entering the peripheral circulation. In peripheral blood the half life ofinsulin is short (10 minutes). C-peptide is the peptide which is split from proinsulin when active insulin is formed in the pancreas. C-peptide is secreted into portal blood in the same proportion as insulin. Unlike insulin, however, it is metabolised in the kidneys instead of the liver and has a half life of 20 minutes. In peripheral blood the C-peptide concentration is ten times higher than the insulin concentration.9 Thus the C-peptide concentration in peripheral blood reflects the pancreatic insulin secretion into the portal blood. This is why we have used serum C-peptide assays instead of insulin in our studies.
Earlier we obtained results which suggest that there is no absolute defect in insulin secretion capacity after total gastrectomy but there may instead be a relative lack of insulin during postprandial hyperglycaemia caused by glucose intake.'6 Moreover, our experiment in healthy subjects showed that chemical vagotomy by atropine decreased the glucagon stimulated insulin secretion of the pancreas. 1
In this study there was again no measured differences in intraoperative absolute unstimulated or glucagon stimulated C-peptide concentrations between the patients with and those without vagotomy. Nearly a 50% higher C-peptide response to glucagon was found, however, after gastric resection as tested peroperatively. This was strongly inhibited by truncal vagotomy, for only a 13% increase was found during gastrectomy with truncal vagotomy. Also blood glucose concentration related C-peptide response to glucagon was significantly higher after gastric resection without vagotomy, whereas no such difference was found in patients with additional truncal vagotomy. These results support the concept of the diminishing effect of vagal denervation on stimulated pancreatic insulin secretion. This might be one explanation for the altered glucose metabolism after gastric surgery and vagotomy.
It has been suggested that intestinal hormones act as mediators of altered glucose metabolism after gastric operations. 
